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Changing Oceans and Changing Fisheries:
Environmental Data for Fisheries

Research and M anagement
A Workshop

Executive Summary

Fisheries research and management encompass a broad range of activities directed towards
mai ntai ning sustainabl e fisheries, protected species such as marine mammals, and the marine
ecosystems upon which they depend. Fluctuations in the marine environment on varied time and
space scales have impacts on the abundance and distribution of populations; exploitation by man
superimposed upon environmentally-induced fluctuations creates complex dynamicsin marine
populations. The demise of the California sardine, the Peruvian anchoveta, and declines in west
coast salmon are important examples of how the environment can affect fisheries, leading to
economic and societal consequences. There has thus been an increasing awareness of the
importance of environmental variability in managing fishery populations, protected species, and
ecosystems.

A workshop was convened at NOAA' s Pacific Fisheries Environmental Group in Pacific
Grove, California, on 16-18 July 1996, to examine the uses of environmental data for fisheries.
The objectives of the workshop wereto i) assess the current and future needs for environmental
data bases (oceanographic, atmospheric, remote sensing, model output, and geological) in fisheries
research and management, ii) identify data sources and formats, and iii) recommend waysto
facilitate access to the data. The workshop brought together fisheries scientists, physical scientists,
and environmental data specialists to address the following kinds of questions:

» What are the current environmental data needs for research in fisheries and fisheries
oceanography?

» What are the shortcomings of existing data and what are likely future data needs for research in
fisheries and fisheries oceanography?

» What data sources are available, in what form, and how are they accessed?

* What are new advancesin environmental data, including oceanographic model output and
remote sensing products, that could be beneficially applied to fisheries?

» What environmental data products, tailored specifically for biological applications, may be
appropriate and require further development?

» How have other federal agencies successfully applied environmental data setsto research
problems?

Participants represented a wide range of expertise and organizations, including most line
officesof NOAA, NASA, the Navy, NSF, Canada, Great Britain, and 7 academic ingtitutions. To
provide common ground for subsequent discussions, presentations by fisheries scientists
addressed how environmental data are used in fisheries-related investigations; physical and
computer scientists described environmental data available, including that from ocean models and
geophysical investigations. The workshop also included demonstrations of ocean model output
and data management systems and poster presentations describing applications of environmental
datato fisheries problems.

This background information provided an ideal foundation for further discussions and
generation of ideas. Five working groups convened during the workshop to address:



real-time or near real-time environmental data applicationsto fisheries,

retrospective environmental data applicationsto fisheries,

applications of oceanographic and atmospheric model output to fisheries,

data delivery systems, data accessibility criteria, and formats, and

opportunities and mechanisms for partnerships in fisheries oceanography.

A total of 48 recommendations were generated by the working groups. These were further
evaluated by participant voting to develop a set of twelve priority recommendations from the
workshop. The high priority recommendations can be distilled to the following five themes:

Develop baseline time series of the most important parameters. The two highest
priority recommendations apply across real-time and retrospective working groups and point out
the importance of i) developing the baseline against which perturbations are evaluated for both real-
time and retrospective aspects of environmental data use and ii) the importance of extending time
series of important parameters back in time to evaluate resource fluctuations. These important
parameters include ocean and atmospheric data, resource fluctuation data, and integrative time
series that may include model output or proxy time series.

Apply new environmental data technologies to fisheries problems. New and
emerging technologies have the potential to change the way in which environmental dataare
applied to fisheries. These techniques, however, require further evaluation and demonstration
projects to convince fisheries scientists and managers of their utility. Remote sensing, multi-beam
sonar, numerical models, and other techniques are expanding more rapidly than the fisheries
community can assimilate them into practical applications for research and management.

Communication and sharing of expertise among disciplines and agencies: Fisheries
research and management agencies are under pressure to conduct surveys, produce stock
assessments, and conserve resources and habitats with often inadequate staffing. The levels of
expertise required to incorporate the new technology into fisheries may need to come from other
line offices of NOAA, from other agencies, and from the academic community. Mechanisms
should be developed which will promote such communication and collaboration to solve high
priority problems, including rotational assignments across agency boundaries and directed funding
initiatives.

Demonstration of the benefits of applied environmental data in fisheries: Projects
demonstrating how environmental data, model output, or new environmental technologies can be
applied to marine fisheries are required in order to promote their future use in the community. Past
examples of crisesin fisheries exist where environmental data or model output are available. Ina
retrospective fashion, the scientific community should be able to show how prudent use of these
environmental data could have helped understand or predict the situation, thereby assisting in
management decisions,

Data accessibility for fisheries scientists: Fisheries scientists and managers are not always
able to readily access the data required to do their jobs and to devel op new, innovative approaches.
More appropriate data bases and integrative time series, available on-line and in near rea-time,
must be developed.
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Changing Oceans and Changing Fisheries: An Introduction to the Workshop

George Boehlert, NMFS Southwest Fisheries Science Center, Pacific Fisheries Environmental
Group, 1352 Lighthouse Avenue, Pacific Grove, CA 93950-2097

“...it ismy belief that in fishery oceanography the challenge and the opportunity lies in studying the
changing sea rather than the equilibrium ocean, and in studying the biological consequences of the
changes at various trophic levels. ..... In the aggregate this implies the necessity of observation of
physical and chemical properties of sea water, its motions and mixings, and the numbers, kinds, and
perhaps stages of the biota inhabiting the waters, all with space and time continuity sufficient to describe
the events that take place and to investigate their inter-relationships.” O.E. Sette (1961)

I ntroduction

Marine fisheries have experienced dramatic growth
in the 20th century, expanding into nearly all reaches of
the world ocean. As greater demands are placed on
living marine resources, the rate of increase in tota
catch has slowed significantly (FAO 1993; Garcia and
Newton 1994). The need for management of marine
fish stocks is thus greater than ever. Management,
however, is greatly influenced by the behavior and
dynamics of the fished stocks, specifically fluctuations
in distribution and abundance, which in turn are affected
not only by fisheries harvests but also by variations in
the environment.

A plethora of meetings have addressed questions of
environmental variability and fisheries, specifically
examining the role of the environment in fish stock
fluctuations. FAO Expert Consultations (Bakun et al.
1982; Sharp and Csirke 1983), specialized meetings on
operational fisheries oceanography, regional meetings
(e.g., Wooster 1983), and a variety of ICES meetings
and symposia have all focused on this topic. This
dialog exists in part due to the historical approach in
fisheries science, in which research and management
have concentrated specifically on how fishing alone
impacts the stocks, without dealing with the underlying
environmental variability (Sharp et al. 1983; Bakun
1996).

Impacts of ocean variability on fish distribution
have been known to fishermen for centuries. Only
recently has science uncovered the relationships, and we
can now categorize them on spatial and temporal scales
(Smith 1978). Short term movements may be keyed to
small scale fluctuations in the environment
(Mendelssohn and Cury 1987; Rose and L eggett 1988).

Seasonal patterns of availability are often tied to
migrations. Migrations are in turn dependent upon the
physiological requirement for specific environmental
conditions at different life history stages, invoking
adaptive behaviors such as movement between
spawning and feeding grounds (McCleave et a. 1984;
Lynn 1984). On interannual time scales, fishing
success may often be attributed to differential movement
patterns of fish in response to environmenta conditions
(Sette 1960), simple habitat submergence or emergence
(Sharp 1978) or even basin-scale food availability
(Polovina 1996). At longer time scales, we must be
concerned with not only climate changes (Beamish
1995; Everett et al. 1995) but also with decadal scale
changes in the ocean which impact production
throughout the ecosystem (Aebischer et al. 1990;
Ebbesmeyer et al. 1991; Polovina et a. 1994).

Assessing how ocean variability affects the
abundance of fish is somewhat more difficult. The
importance of variability in the ocean environment was
made clear after the realization that fish produced in a
given year could make variable contributions to the
fishery. Johann Hjort (1914, 1926) was first to develop
hypotheses to explain variability in year class strength
that incorporated the concept of ocean variability.
Hjort’s Critical Period hypothesis invoked two types of
environmental variability; first, unusual patterns of
advection could direct the young fish to regions
inappropriate for further development and survival.
Second, variability in the availability of food when the
yolk sac was absorbed, presumably itself afunction of a
variable ocean, could result in varying larval mortality.
The critical period hypothesis has been variously
expanded and modernized as the “match-mismatch”
hypothesis (Cushing 1975), the “stable ocean
hypothesis’ (Lasker 1975) or the “member-vagrant”
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hypothesis (Sinclair 1987). A common thread in these
conceptual ideas remains the importance of variability
in the physical environment.

Since the end of World War |1, major integrated
fisheries oceanography programs have been developed to
address these issues on various scales. The efforts have
included the 1949 to present California Cooperative
Oceanic Fisheries Investigations (CalCOFI), the 1984
to present Fisheries Oceanography Coordinated
Investigations (FOCI -- Schumacher, this volume), the
1989-1997 South Atlantic Bight Recruitment
Experiment (SABRE), and more recently Georges Bank
GLOBEC, to name just a few regional programsin the
US. Such studies provide the complex data useful for
ecosystem model's (see Pauly and Christensen 1996).

Large programs in fisheries oceanography as well
as smaller scientific investigations have advanced the
potential to incorporate environmenta datainto the field
of fisheries, but we are a long way from achieving a
systematic application of environmenta information to
fisheries research and management (Sharp 1995).
Although the CalCOFI program was organized around
learning the causes of the demise of the California
sardine population, most early efforts in fisheries
oceanography were tied to fisheries development as
opposed to management. The Pacific Oceanic Fisheries
Investigation (POFI) provides a good example.
Although POFI conducted a great deal of the basic
oceanographic research in the central and South Pacific
in the 1950s, the fundamental goals were for
“...exploration, investigation, and development of high
seas fisheries of the Territories and island possessions of
the United States” (Sette 1949). Environmental
determinants of fish abundance and movements can be
used to predict successful fishing grounds, something of
obvious importance to the fishing industry. As Japan
expanded its fisheries to the far seas after World War |1,
it developed remarkable expertise in fisheries
oceanography (see Uda 1961) and a strong partnership
between government fisheries research and the fishing
industry developed. This remains a strong, important
economic aliance today.

As marine fisheries production is reaching its upper
limits (Pauly and Christensen 1995), fisheries
management for conservation and sustainability
becomes of critical importance (Rosenberg et al. 1993;
Pitcher 1996). Because environmental variability
contributes a great deal to uncertainty in fisheries

management advice (Rosenberg and Restrepo 1994),
there is a compelling need to incorporate increasingly
complex environmental data into fishery research and
management (Beamish et al. 1989). There has been no
shortage of calls for improving this effort. In addition
to the meetings and volumes mentioned above, expert
panels of the National Research Council have repeatedly
identified the need for improving our understanding of
the role of environmental variability in resource
fluctuations for fisheries ecology in general (NRC
1980), for managing fisheries (NRC 1994b), for bluefin
tuna (NRC 19944), for sailmon (NRC 1996b), and for
the Bering Sea Ecosystem (NRC 1996a). It is thus
timely to assess where we stand in the application of
environmental information in marine fisheries research
and management and to plan and implement strategies
for improvement.

There is not a shortage of environmental
information, only the ability and resolve to apply it. A
great ded has changed since Sette (1961) stated

“...there are only a few things we can measure. ...In
oceanography we can only measure the temperature
and salinity when we want to know which way the
water is running, and how fast. ...For the most part we
have to deduce what we want to know from something
else that we can measure.”

Platforms, both moored and drifting, remotely sensed
information from aircraft and satellites, and output from
meteorological and oceanographic numerical models
have all contributed to a data explosion, and the means
of accessing, processing, and visualizing these data are
continually improving. Given some of the needs, as
expressed above, this workshop was devel oped with the
following objectives:

1. to assess the current and future needs for
environmental data bases (oceanographic,
atmospheric, remote sensing, geological) in
fisheries and fisheries-rel ated ecosystem research;

2. toidentify data sources and formats; and

3. to recommend ways to facilitate access to the data.

It was obvious that scientists from a variety of
disciplines would be necessary to address these
objectives, and accordingly, the workshop participants
(see Appendix 4) were chosen with expertise in fisheries
research and management, oceanography (physical,
biological, geological), remote sensing, numerical
modeling, computer science, and data management. We
sought to bring together the data “supply side”
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(computer scientists, data managers, physical scientists
and modelers) with the “consumer side” (fisheries
scientists and fisheries oceanographers). While the
latter are often terminal users of the data, they are not
always knowledgeable about, or skilled in using,
available data and data distribution systems. Further,
data accessibility is changing rapidly, as are the sheer
guantities of environmental data currently available.
NOAA and other agencies are working to make data
accessible on the world wide web (see, for example,
papers in this volume by Daddio & Brazille, Stein, and
Holt & Digby).

In bringing varied expertise together, it must be
realized that the disciplinary cultures differ in ways that
often make communication difficult (Wooster 1986).
In the introduction to a book dealing comprehensively
with environmental variability and fisheries, Andy
Bakun (1996) put thisin adifferent way:

Won't somebody please talk to mel | ama
physical oceanographer who works on biological and
fisheries problems. As such, | find myself straddling a
gap between two distinctly separate disciplines,
physical oceanography and fisheries biology, each
growing out of different traditions and points of view.
The communication problems go far beyond mere
differences in terminology and jargon, involving
completely different conceptual frameworks with
which information is received and organized. What is
“signal” to one group often seems to be “noise” to the
other.

The measure of success for fishery biologists may
be the accuracy of a stock assessment, for the numerical
modeler it may be the accuracy of the model in
simulating the behavior of the atmosphere or ocean, and
for the database manager it may be the volume of data
available. Therefore, amajor goal of the workshop was
to improve the communication among scientists dealing
with data, with oceanography, and with fisheries,
potentially developing partnerships to facilitate
incorporation of environmental data into fisheries
research and management. There is a need to improve
the utility of products from one discipline to
applications in another, and it is the responsibility of
the recipient discipline to clearly specify the basis of its
needs.

Participants for this workshop were brought
together on 16-18 July, 1996 at the Pacific Fisheries
Environmental Laboratory in Pacific Grove, California,

to address the following questions:

* What are the current environmental data needs for
research in fisheries and fisheries oceanography?

* What are the shortcomings of existing data and
what are likely future data needs for research in
fisheries and fisheries oceanography?

* What data sources are available, in what form, and
how are they accessed?

e What are new advances in environmental data,
including oceanographic model output and remote
sensing products, that could be beneficially applied
to fisheries?

e« What environmental data products, tailored
specifically for biological applications, may be
appropriate and require further development?

 How have other agencies successfully applied
environmental data setsto research problems?

The dwindling potential economic benefits of
fisheries have made stewardship of marine resources a
priority element of the NOAA Strategic Plan ("Build
Sustainable Fisheries', “Sustain Healthy Coasts’, and
"Recover Protected Species' -- NOAA 1996). Fisheries
resource management agencies no longer house all the
expertise required to address the full range of questions
that use of environmental data in fisheries research and
management problems entail. Thus an attractive
prospect for support from Congress and funding
agencies is the implementation of partnerships in
oceanography, broadly defined to include interagency
cooperation as well as with academia and private
industry. This may become the hallmark of scientific
advances as well as growth in programmatic funding
(NRC 1992). Effortsto this end have culminated in a
new law (Title 11, Subtitle E, Public Law 104-201), the
National Oceanographic Partnership Program, which
provides funding incentives to leverage the resources and
expertise of government agencies, academia, and
industry to address multidisciplinary problems.
Understanding how environmental variability influences
fisheriesis clearly a subject areathat could benefit from
such support.

Organization of the workshop report

A common basis for the diverse expertise at the
meeting was provided by a series of introductory papers,
which also set the stage for the working groups. Five
papers describe how environmental data are used in
fisheries and give a perspective on what future needs
might exist; eight others describe environmental data
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sources of different agencies and how they can be
accessed. After a series of demonstrations of
environmental data systems and ocean models
(descriptive abstracts are included as Appendix 1), the
remainder of the workshop was spent in the five
working groups. Working groups were charged with
specific questions and generated reports with
recommendations, which were placed in priority order
through voting by participants. Also included are
abstracts of posters presented at the meeting (Appendix
2), contributed abstracts (pertinent studies on
applications of environmental data to fisheries and data
systems that were not presented at the meeting --
Appendix 3).
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Applications of Environmental Data to Fisheries

Environmental data may be used in fisheries research and management in a
variety of ways, including historical (retrospective), real-time, or prognostic
applications. There are a much broader range of potential applications. The
following five papers represent background on how environmental data are used
in fisheries and how applications might be improved in the future.
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Fishery Fluctuations and the Environment: An Historical Perspective on the
Application of Environmental Data in Fisheries Science

James Johnson, Director, Pacific Environmental Group, 1969 - 1976

That weather and ocean conditions impact fishing
activities goes without saying. Coastal fishermen do
not go to seain severe sea or weather conditions, and in
a like manner, short term movements of fish from
fishing grounds have been documented. While life and
limb, both to the fishermen and the fish, may be
important concerns when dealing with weather
variability, fisheries managers have come to appreciate
that environmental variability at several scales has
major impact on fish populations. The Icelandic
herring fishery in the late 1960s serves as an early
example. Environmental change did not markedly alter
the productivity of the stocks but led to movement of
fish beyond the range of a fishing fleet restricted to
coastal waters. This disruption occurred for several
years and had a severe economic impact to the country.
In another example, the well known demise of the
anchoveta populations led to national economic
disruption in Peru in the early 1970s. We are learning
that many of these fluctuations are environmentally
driven.

In the United States, one of the first major efforts to
examine the role of ocean variability in fish distribution
and abundance was at the Pacific Oceanic Fisheries
Investigations (POFI). Established in Honolulu as a
new laboratory in 1949, POFI’s charge was to evaluate
what was thought to be immense stocks of tunas in the
tropical and subtropical Pacific Ocean. In addition to an
impressive roster of fishery biologists, the Director,
O.E. Sette, developed a staff of skilled oceanographers,
including Townsend Cromwell, Tommy Austin (later
the first director of NODC), Richard Barkley, and
Gunter Seckel, who in 1976 assumed the Directorship
of the Pacific Environmental Group. POFI is highly
regarded for making important contributions to the
current understanding of the oceanography in the central
Pacific Ocean and beyond and for integrating
oceanography into the workings of a modern fisheries
laboratory.

This lesson was not lost on the Honolulu
Laboratory’s Deputy Director, Don McKernan, who
later became director of the Bureau of Commercial
Fisheries (BCF) in Washington. | had the fortune of
working with Don and others at BCF during the mid-
1960s in Washington, D.C., developing and providing
inputs to the National Ocean Program, a high priority
in the US government at the time. In 1967 an
important event took place; the BCF signed a
memorandum of agreement with the Navy in the
collection and sharing of environmental data. At the
same time there was a standing invitation to the BCF
by Captain Paul Wolff, head of the Navy's Fleet
Numerical Weather Central (predecessor to the current
Fleet Numerical Meteorology and Oceanography Center)
in Monterey; they offered to share facilities, computers,
and data bases and to apply them to problems in the
fisheries sector. Accepting this invitation, BCF posted
me to Monterey to form the Pacific Environmental
Group in August, 1969. The group, presently called
PFEG, was brought into NOAA and NMFS with the
rest of BCF. It has maintained a strong program in
fisheries oceanography since that time. Two of the
principal reasons for its success were the routine
interaction and communication between oceanographers
and fishery biologists and, secondly, the ready
availability of environmental information from the
Navy. PFEG has served as a conduit of Navy
environmental data to the fisheries oceanography
community, assisting in some of the advances we see
today in fisheries oceanography.

Given this brief historical perspective, | am pleased
to see the diversity of expertise at this workshop.
Promoting communication among the disciplines
involved in fisheries oceanography should be an
important outcome of this workshop.
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Overview of Satellite Remote Sensing Applications in Fisheries Research

R. Michael Laurs, National Marine Fisheries Service, Southwest Fisheries Science Center,
Honolulu Laboratory, 2570 Dole Street, Honolulu, Hawaii 96822

Background

Satellite remote sensing can be an extraordinarily
effective and powerful tool in fisheries oceanography
research, fisheries management, marine protected species
research and management, and operational fisheries
oceanography. The promise of satellite remote sensing
technology for fisheries research, management, and
exploitation has been recognized since the 1960’ s when
the first visible and infrared images of the earth’ s surface
were obtained from orbit. Limited uses of early satellite
data were made in fisheries demonstration projects
conducted in the early and mid-1970’'s (Kemmerer et al.
1974; Savastano et al. 1974). A number of important
fisheries applications were achieved in the 1980's
(Lasker et al. 1981; Fiedler 1983 and 1984; Fiedler and
Bernard 1987; Fiedler et al. 1985; Laurs et al. 1984;
Maul et al. 1984; and others). Significant strides,
progress, and expansion in the utilization of satellite
remote sensing data for meeting the needs of fisheries
researchers for marine environmental information have
been made during the recent decade. This has occurred
primarily because of increases in the availability and
improvements in the access to some satellite data, the
development of easy to use satellite data processing and
display software packages combined with low cost
computer hardware systems, and the increasing
awareness of the successes in demonstrating the
application of the technology to marine fisheries
problems.

Noteworthy advances have also been made in the
use of satellite-derived ocean measurements to meet the
operational fishery oceanography needs of various
segments of fisheries industries. In the US, these have
progressed from the first use of satellite-received datain
fisheries-aids charts provided to cooperating tuna
fishermen in the eastern tropical Pacific (Laurs 1971),
to satellite-derived ocean boundary charts provided to
salmon and albacore fishermen on the West coast (Short
1979; Breaker 1981) and lobster and other coastal
fishermen along the East coast (Chamberlain 1981;
Cornillon et al. 1986), to demonstration experiments of
satellite-derived ocean products for commercial fishing
operations (Hubert 1981; Montgomery et al. 1986).

Severa papers describing operational fishery advisory
products based on satellite-derived data, which are
available for usein commercial fisheriesarefoundin Le
Gall (1989).

Capitalizing on the experience gained from the
Government sponsored fishery-advisory programs using
oceanic satellite measurements, several US private
companies presently market value-added, near rea-time
Advanced Very High Resolution Radiometer (AVHRR)
satellite imagery and digital data products tailored to the
specific needs of various segments of the US
commercia and sportsfishing industries (Anon. 1994;
Wynn 1989). The private sector is also planning to
market fishery advisory services based on ocean color
measurements made by the Sea-viewing Wide
Field-of-view Sensor (SeaWiFS) sensor that has been
built and will be launched and operated by a commercial
venture (Lyon and Willard 1993).

Nevertheless, in spite of the impressive gains and
advances, the full potential of satellite remote sensing
for fisheries applications, and particularly for
applications to protected species issues, still remains
untapped and underdevel oped. Thisis especialy the case
in the US, which is ironic because this country has
constructed, launched, and operates the mgjority of the
satellite systems that provide data presently used in
fisheries applications throughout the world. Several
other countries have built on the early efforts and
learning experiences gained in the US in satellite
applications to fisheries and now appear to have
surpassed the initial lead of the US. This is certainly
true for Japan (Shinomiya and Tameishi 1988;
Y amanaka et al. 1988), some of the European countries,
and perhaps, even China (Bilan and Xugjia 1990; Huang
1994).

Literature Reviewing Fisheries
Applications of Satellite Remote
Sensing

A recent review of the applications of oceanic
satellite remote sensing to fisheries is given by Fiuza
(1990). Anocther relatively current survey is found in
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Johannessen et al. (1989). Laurs and Brucks (1985)
review fisheries applications in the US. Examples of
uses of satellite imagery in eastern North Pacific
fisheries are given in Fiedler et a. (1985). Yamanaka
et al. (1988) describe the utilization of satellite imagery
in Japanese fisheries and Hirano and Mizuno (1992)
provide an overview of current and planned expansions
in Japanese operational fisheries oceanography that will
result from expanded use of data from satellite systems.
Gower (1982) gives a summary of the different kinds of
remote sensing data relevant to fisheries science and
oceanography and Montgomery (1981) discusses the
utility of satellite imagery to ocean industries, including
fisheries. Two publications issued by the UN Food and
Agriculture Organization (FAO) deal with the
application of remote sensing technology to marine
fisheries (Butler et al. 1988; Le Gall 1989).

Why Satellite Remote Sensing Data
Can Be Important in Solving Fisheries
Problems

Variations in marine environmental conditions
affect the distribution, abundance and availability of
marine fish populations. Likewise, variations in ocean
conditions influence the vulnerability and catchability of
fish stocks. Inorder (a) to understand, model and predict
the effects of ocean conditions on marine fish
populations, (b) to efficiently harvest marine fish
stocks, and (c) ultimately, to effectively and rationally
manage many marine fisheries, information is required
on the “changing ocean,” rather than the “average

7

ocean' .

Satellite remote sensing is exceptionally
well-suited for measuring and monitoring the “ changing
ocean.” It offers the combined benefits of large-scale
synopticity, high spatial resolution, and frequent
repeatability of coverage. The primary disadvantages are
that satellite measurements are mostly limited to the
very near-surface film of the ocean and visual and
infrared measurements are restricted to cloud-free areas.
However, these drawbacks are not always serious. In
many oceanic regions, conditions at the surface have
been found to be representative of those in the upper
100 - 250 m (Godfrey and Ridgeway 1985 and others).
The cloudiness problem can often be at least partially
overcome by combining infrared or visua images of the
same area acquired over several days, resulting in a
temporally averaged image which oftentimes contains
extensive cloud-free areas. The use of new neural

network methods for satellite image processing has
great potential for reducing the impacts of cloudiness
(Yhann and Simpson 1995).

Satellite Oceanic Remote Sensing
Cannot Replace In situ Measurements

It must be emphasized that oceanic satellite remote
sensing systems are not, and cannot be, replacements
for ships, data buoys, fixed and floating instrument
arrays, and other means of making in situ measurements
of the ocean. As noted earlier, oceanic measurements
made by satellite systems, except for ocean color which
is integrated over depth depending on water optical
characteristics, are restricted to the most exterior portion
of the ocean. The conventional means of making
oceanographic observations are crucial for obtaining
information on the status of the interior of the ocean
and for calibrating and validating measurements made
from space.

Types of Satellite Data Used in
Fisheries Applications

Most fisheries and protected species applications of
satellite remote sensing have made use of AVHRR
infrared temperature and Coastal Zone Color Scanner
(CZCS) ocean color measurements. This has been the
case primarily because these data (a) have been readily
available, (b) after conversion to SST and chlorophyll
or related optical data, the derived data measurements can
be used directly in marine resource applications, and ()
there is general understanding and confidence in the
meaning of the satellite-derived data. The marine
science community, and especially fisheries
oceanographers, are eagerly awaiting the launch of ocean
color sensors to replace the CZCS, which failed in
1986.

There has been only very limited use in fisheries
applications of satellite data from active sensors.
Howeuver, it is highly likely that as Synthetic Aperture
Radar (SAR) satellite data become more available, its
use will markedly increase. SAR can be used as an
all-weather sensor to define ocean features, e.g., eddies,
frontal structure, river plumes, etc., that form important
habitats for marine resources. SAR data also has
tremendous potential for detecting and monitoring
fishing activities, possibilities for detecting schools of
large pelagic fishes and marine mammals (see later
section), and opportunities for supporting fishery
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management actions. Only a few fisheries studies
dealing with transport of developmental stages (see
description in Laurs and Brucks 1985), have taken
advantage of oceanic wind structure measured from space
by scatterometers. Nevertheless, information from
scatterometers have high possibilities for expanded
fisheries applications. Mitchum and Polovina (pers.
comm.) are evaluating the use of atimeter datato define
the occurrence and locations of high levels of mesoscale
circulation activity believed to be important in central
North Pacific fisheries. Some coastal and coral reef
fisheries studies have employed the use of LANDSAT
(Kemmerer 1980) or SPOT (Bour et al. 1986; Preston
1991) data to define habitats important to inshore and
reef fisheries.

The ARGOS satellite location system is widely
used in fisheries, marine mammal, and sea turtle
research investigations. Global Positioning System
(GPS) location systems are also used in fishing vessel
monitoring systems and are under development for use
on marine mammals. The eventual development of the
operational system using low earth orbit satellites (Seay
1994) will provide fisheries and protected species
researchers and managers with a huge expansion in the
possibilities of satellite networks for both data
communications and position determination.
Cooperative efforts are underway between the NMFS
Honolulu Laboratory and Commonwealth Scientific and
Industrial Research Organization (CSIRO) Division of
Fisheries in Hobart, Tasmania to use communications
satellite technology for transmitting data collected on
electronic “archival tags’ that will be programmed to
disengage from a fish and “pop-up” to the surface for
relaying dataviathe ARGOS satellite system.

Sources of Satellite Data

For US fisheries researchers, the major source of
real-time and near real-time AVHRR satellite datais the
NOAA CoastWatch Program. There is little doubt that
the expansion during recent years in fisheries
applications using AVHRR High Resolution Picture
Transmission (HRPT) satellite data is the direct result
of the CoastWatch Program. This successful NOAA
program, which had its beginnings to fill a need for
satellite data for use in research regarding marine
mammal deaths and fisheries needs on the east coast,
has seven sites throughout the mainland US, Alaska,
and Hawaii. Five of these sites are co-located at
NMFS laboratories. The primary mandate of the

CoastWatch program is to make satellite data readily
available to federal, state and local agency managers and
investigators, and to university scientists for use in
marine research, policy and management decisions.
Actions are underway to attempt to make satellite data
from new sensors available at some CoastWatch sites.
The new satellite data include ocean color from the
planned US commercially owned and operated SeaWiFS
sensor on the SeaStar satellite and the Ocean Color and
Temperature Sensor (OCTS) on the Japanese Advanced
Earth Observing Satellite (ADEOS), SAR data from
several satellite systems, and possibly satellite wind
scatterometer data. Other sources of satellite data for
fisheries applications have been NASA,
NOAA/NESDIS, and university satellite receiving
stations. For further information on available sensors,
see papers in this volume by Pichel, Maynard, and Holt
and Digby.

Examples of Satellite Remote Sensing
Applications in Fisheries Research and
Management and Protected Species
Resear ch

No attempt will be made here to provide a
comprehensive review of fisheries research and
management applications of satellite remote sensing.
Instead, categories of research and management
applications utilizing satellite-based technology, with
examples of representative studies will be given. The
categories are: fish early life history and survival,
definition of marine fish habitat and migration patterns,
stock assessment, fishery management, protected
species, and operational fishery oceanography in support
of research cruises.

Fish Early Life History and Survival. Satellite
ocean measurements are becoming increasing more

common in research concerning the early life history
and survival of marine fishes. The spawning habitat for
northern anchovy in the southern California Bight can
be defined using a combination of satellite-derived sea
surface temperature (SST) (Lasker et al. 1981) and
surface chlorophyll distributions (Fiedler 1984). In the
Gulf of Mexico, larval fish assemblages have been
related to the Loop Current boundary determined by
satellite images (Richards et al. 1993). AVHRR
satellite imagery played an important role in the
investigation of the distribution and advective transport
of larval fishes over the continental shelf off North
Carolina (Govoni et al. 1994).
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Marine Fish Habitat and Migration Patterns. A
relatively large number of studies of marine fish habitat
and research on pelagic fish migration have utilized
satellite remote sensing data. For example, Laurs et al.
(1984), using AVHRR and CZCS data demonstrated the
role of oceanic frontal structure in the habitat and
migration patterns of albacore. Reddy et al. (1995) used
satellite-derived sea surface temperatures to show that
distribution and movement patterns of southern bluefin
tuna and albacore off Tasmania, Australia are related to
persistent mesoscale, warm-core eddies and strong
thermal fronts. Similar findings were reported for
southern bluefin tuna off western Australia by Myers
and Hick (1990). Using AVHRR satellite data, Kumari
et al. (1993) found that the distribution of yellowfin
tuna in waters off the coast of India are related to
thermal boundaries. Stretta (1991) used a variety of
satellite data as input into a proposed model for tuna
fishing in the Gulf of Guinea region. Using satellite
imagery and advanced image analysis techniques,
Podesta et al. (1993) found that the probability of very
high catch ratesin the US longline fishery for swordfish
in the Atlantic was greater in the vicinity of SST
fronts. Satellite infrared observations of Kuroshio
warm-core rings and their influence on Pacific saury
migration was reported on by Saitoh et al. (1986).
Satellite-derived ocean temperature and chlorophyll were
used by Herron et al. (1989) to define the habitat of
butterfish in the northeastern Gulf of Mexico.

Stock Assessment. Cram et al. (1979) used satellite
ocean color data to minimize the search component of
fishing effort and to refine stock assessments of pilchard
stocks off South Africa. Ocean temperatures and habitat
information determined by satellite remote sensing are
being used in research to support stock assessment of
large oceanic pelagic fishes and other living resourcesin
the Western North Atlantic Ocean (Browder and Turner
1992). Satellite-derived environmental data are being
incorporated into general linear models to develop
standardized annual abundance estimates for improved
stock assessments.

Fisheries Management. The application of satellite
data to near real-time bluefin tuna catch projections for
guota management is described by Browder et a. (1992).
Also see Petit et al. (1992) and Clemente-Colon (1995)
in the following section concerning the potential for
direct detection of fish schools by satellite.

Protected Species. AVHRR satellite imagery is

being used to reduce the impact of commercial trawl
fishing on popul ations of threatened and endangered sea
turtles (Chester et a. 1994) and to identify sea turtle
habitat (Epperly et al. 1995) off the east coast of the
US. Satellite remote sensing and GIS technology are
being used in ecological investigations of seaturtles and
marine mammals in the Western North Atlantic (Huang
et a. (1992).

Operational Fishery Oceanography in Support of
Research Cruises. The use of AVHRR satellite data
for guiding fisheries research vessel operations is
important and relatively widespread in the US. For
example, most federal and many state or university
fisheries oceanography cruises conducted in the Pacific
and Gulf of Mexico have some sort of real-time or near
real-time satellite data support. The same is generally
true in the Atlantic, however, apparently it is not as
routine. In some cases, the satellite-derived data simply
consists of isotherm charts transmitted by radio or
telephone facsimile. It is more common, however, to
transmit digital satellite data or products from shoreside
satellite image processing sites to research vessels at
sea. In some cases, research vessels are equipped with
systems for direct reception of HRPT or Automatic
Picture Transmission (APT) AVHRR satellite data. An
important use of satellite datais to locate ocean features
important to the success of the mission of research
vessel operations and to guide sampling accordingly.
The satellite data are also used to interpolate and to
extrapolate in situ oceanographic measurements made
from research vessels.

Potential For Direct Detection of Fish
Schools, Fishing Activities, and
Marine Mammals Using Satellite
Remote Sensing

Direct detection of fish schools, fishing activities
and marine mammals has not been possible using
satellite measurements that have generally been
available to the civilian community. However, recent
studies conducted off the western Mediterranean coast
demonstrate that tuna schools, marine mammals and
fishing activities can generate a SAR signal
modulation and indicate that it is likely that with further
research, it will be possible to convert radar images to
pelagic fish school abundance or fishing effort estimates
(Petit et al. 1992). Research conducted off Canada
(Freeburg et al. 1995) has verified the application of
space-based radar systems for fisheries monitoring,
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control and surveillance. SAR imagery has been used
effectively in fishery surveillance in an Alaskan herring
fishery to monitor fishing activity and could be used to
manage the fishery (Clemente-Colon et al. 1995). It
also appears that SAR imagery can be used for
surveillance of illegal fishing activities on the high
seas, e.g., detecting illegal pelagic drift gillnet fishing
(Montgomery, D.R., pers. comm.). Direct observation
of fish schools, marine mammals, and sea turtles may
be possible from classified satellite assets.

Actions That Can Assist the US to
Take Advantage of the Full Potential
That Oceanic Satellite Remote Sensing
Offers For Fisheries Applications

Several actions will be required in order for the US
to take full advantage of the potential that satellite
remote sensing can contribute to solving problems and
issues in marine fisheries and protected species research
and management. These actionsinclude:

* (1) senior officials of Federal and State marine
fisheries agencies need to be educated to understand
the usefulness of satellite remote sensing as a
major tool for use in solving appropriate fisheries
and protected species research and resource
management i SSUES;

* (2) commitments are needed between the NOAA
Assistant Administrator’s for NMFS and NESDIS,
with follow-through by appropriate senior staff, to
enhance and where possible to fully develop US
capabilities in satellite applications to marine
fisheries and protected species;

» (3) adequate funding isrequired to conduct research
on the application of satellite remote sensing to
appropriate fisheries and protected species issues;

* (4) resources are needed for training fishery
research scientists in applying satellite remote
sensing to agency fisheries and protected species
research needs,

* (5 NOAA should establish university fellowship
programs in satellite remote sensing applications to
fisheries and oceanography (similar to programs
sponsored by the NWS for meteorological
applications) to train students that show promise
as prospective fishery scientists;

» (6) a satisfactory data management system is
required which is linked with GIS for
investigations using multidisciplinary data,
including oceanic satellite-derived measurements;
examples of systems that may be appropriate are

described by Savastano and Bane (1986) and
proposed by Simpson (1992); and

e (7) provisions must be made to ensure easy access
by fishery scientists to data from new satellite
sensors, e.g., SAR, wind SASS, ocean color,
altimeter, etc. (this need may partially be met by
efforts which are presently underway to expand the
satellite data available from the NOAA CoastWatch
Program).
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